
EGR 8306 Nonlinear Dynamics 
 
What is this class about? 
 
The dynamics of systems from areas as diverse as mechanical, electrical, fluid, biological, 
chemical and financial, are generally described by nonlinear models.  All these systems exhibit 
complex phenomena that cannot be understood from linearized mathematical models which are 
often used in practical engineering. These complex fascinating phenomena such as bifurcations, 
instabilities, and chaos are often observed and cannot be ignored. Moreover, they are impossible 
to predict even qualitatively using linearized models. 
 
This course is an introduction to the broad area of nonlinear dynamics. We will use both 
analytical and computational techniques in order to provide a unified treatment.  We will mostly 
focus on systems governed by ordinary differential equations.  Numerous practical applications 
will be explored. 
 
The emphasis in the course is on applications and interesting nonlinear phenomena in diverse 
systems.  We will not attempt to derive all models (although some background will be provided 
by the instructor).  Examples of systems we looked at last year are as follows.  
 

• Population logistics, rabbits vs. foxes 
• Autocatalysis, butterfly wing pattern formations 
• Tumor growth, epidemics, insect outbreaks 
• Lasers, superconductors 
• Beads on wires, pendulums, skydivers, glides 
• Leaky buckets, water wheels 
• Fluid patterns, B-Z chemical reactions 
• Fireflies,  cell division 
• Geomagnetic reversals 
• Lorenz equation, weather predictability 
• Dynamics of love and romance 
• Economic systems 

 
Sure they all look very different!  But we will show in the class how they are all related by the 
same mathematics of nonlinear dynamics. 
 
Who can take it? 
 
Graduate students in Engineering, Physics or Mathematics; undergraduate senior students with 
permission. 
 
Prerequisites 
 
Knowledge of ODEs, matrix theory, computational ability (MATLAB preferred). 
 
For more information please contact Dr. Nat at nataraj@villanova.edu. 
 



EGR 8306 Nonlinear Dynamics

Term: Spring 2017
Instructor: Dr. “Nat” C. Nataraj
Classes: Thursdays, 6:15-9:00, CEER 109
Office: Tolentine 126C, 610-519-4994
Office Hours: By appointment
E-mail: nataraj@villanova.edu (for general questions),

nondyn.villanova@gmail.com (for all submissions)
Web page: http://www.homepage.villanova.edu/c.nataraj/

Course Description

The dynamics of systems as diverse as from the areas of mechanical, electrical, fluid, bi-
ological, chemical and financial, are generally described by nonlinear models. All these
systems exhibit complex phenomena that cannot be understood from linearized mathemat-
ical models which are often used in practical engineering. These complex phenomena such
as bifurcations, instabilities, and chaos are often observed and cannot be ignored. Moreover,
they are fascinating and impossible to predict using linearized models.

This course is an introduction to the broad area of nonlinear dynamics. We will use both
analytical and computational techniques in order to provide a unified treatment. We will
mostly focus on systems governed by ordinary differential equations but briefly touch upon
difference equations and partial differential equations as well. Numerous practical applica-
tions will be explored.

Prerequisites/Co-requisites

Graduate engineering mathematics and an exposure to computer programming is expected.
All students are required to use MATLAB, an interactive scientific software which can be
used for numerical analysis, matrix computation, and graphics. If time permits, we will
also use AUTO, a computer tool for bifurcation analyses.

Minimum Course Expectations

To be successful in this course, the students must at a minimum do the following.

• Attend all classes or get material missed if absent. It is important to attend class and
to arrive on time to class. Important information including homework assignments,
exam announcements and policy changes may be announced in class. You are re-
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sponsible for all course information and lateness or absence does not excuse you from
compliance. Students may not assume that all course announcements will be emailed.

• Contact the instructor during office hours with any questions or uncertainties.

• Complete all assignments on time and according to directions.

Attendance Policy

It is strongly recommended that the students attend all the class sessions. It is imperative
that the students participate actively in the class sessions by asking and answering questions.
Continual absences will result in a 10% penalty in the final grades.

Students are responsible for all material covered during class (which may include information
not in the book) and all assignments with no exceptions.

Contact

Please feel free to contact me through e-mail (nataraj@villanova.edu). If you need to send
any submissions (such as homework) please use nondyn.villanova@gmail.com; please do not
copy or use my Villanova account for big files. In general, I don’t check my gmail account,
so for quick questions please use the Villanova account. IMPORTANT: in all cases,
please type “Nonlinear Dynamics” in the subject line.

Text

Required: Strogatz, S. H., 2014, “Nonlinear Dynamics & Chaos,” Westview Press, Second
Edition. ISBN 978-0813349107. This is a delightful book almost suitable for self-study.
You may also want to get the student solution manual. Note that the Kindle edition may
have some issues with the typesetting of equations; I would recommend the Carbon variety.

Other References:

1. E. Atlee Jackson, 1991, “Perspectives of Nonlinear Dynamics: Volumes 1 and 2,”
Cambridge Press.

2. Brauer, F., and Nohel, J. A., 1969, “The qualitative theory of ordinary differential
equations,” Dover Publications.

3. Butenin, N. V., 1965, “Elements of the theory of nonlinear oscillations,” Blaisdell
Publishing Company.

4. Coddington, E. A., and Levinson, N., 1955, “Theory of Ordinary Differential Equa-
tions,” McGraw-Hill.
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5. Gilmore, R., 1981, “Catastrophe theory for scientists and engineers,” Dover Publica-
tions.

6. Hale, Jack K., 1963, “Oscillations in nonlinear systems,” Dover Publications.

7. Robert Hilborn, 2001, “Chaos and Nonlinear Dynamics: An Introduction for Scientists
and Engineers,” Oxford University Press.

8. Nayfeh, A. H., & Mook, 1979, “Nonlinear Oscillations.”

9. Nayfeh, A. H., 1981, “Introduction to Perturbation Techniques,” John Wiley & Sons.

10. Nayfeh, A. H. and Balachandran, B., 1995, “Applied Nonlinear Dynamics,” Wiley-
CVCH, ISBN 978-0-471-59348-5. This is a traditional text book / monograph.

11. Struble, R. A., 1962, “Nonlinear Differential Equations,” McGraw-Hill.

12. Nataraj, C., Research Notes.

13. Numerous technical publications.

The Strogratz text is more at the senior undergraduate level. I intend to work out some very
interesting examples from Strogartz. You will also get reading assignments from Strogratz.
I will take some material from Nayfeh’s texts, other books, and my own research notes.

There may be additional reference material in the form of research papers; they will be
handed out to you.

Grading:

Homework will be assigned every week and should be submitted promptly for grading and
subsequent discussion. In addition, small computer projects will be assigned.

An individual term project will be required of each student. The project topic may be either
selected by the student, with approval, or be specified by the instructor. It is initiated at
the mid-term date and is due in the last class week; a presentation will be required.

The semester grade is based on the following relative weights.

Homework 15%
Tests (two/three) 30%
Computer project(s) 30%
Final Exam (comprehensive) 25%

I reserve the right to change the number and/or type of assignments and the method of
calculating the grade. Be assured that I will do so in a reasonable fashion and for logical
and pedagogical reasons!
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Grades:

F < 65% C- < 70% < C < 75% < C+ < 80%< B- < 82% < B < 85% < B+ < 87% < A-
< 90% < A

Other Issues

Academic Integrity All assignments must be in accordance with the Villanova Code of
Academic Conduct. Violations of the code of Academic Integrity and will be dealt with
appropriately by the office of the Vice President for Academic Affairs. Responsibility for
maintaining the code of academic integrity does not rest solely with the faculty. It is
the responsibility of students to report violations to the code of academic integrity to the
instructor.

It is the fervent hope of this instructor that the students come to this class motivated
to learn the material. A final grade is only a partial reward; the real reward should be
the understanding and intellectual stimulation I hope to instil in each of you. Hence, any
cheating would be self-defeating. I am not responsible for policing and do not want to
be diverted from my essential mission of teaching. However, if I discover any cheating I
am required by university policy to report all instances to the VPAA; and the penalties
are pretty severe. At that point, it will be out of my hands; please don’t put me in that
position.

Please see the last two pages for the Engineer’s Code of Ethics.

Disabilities It is the policy of Villanova to make reasonable academic accommodations for
qualified individuals with disabilities. If you are a person with a disability please contact
me after class or during office hours and make arrangements to register with the Learn-
ing Support Office by contacting 610-519-5636 or at nancy.mott@villanova.edu as soon as
possible. Registration with the Learning Support Office is required in order to receive
accommodations.

Course Syllabus

Simple pendulum example; Review of linear system theory; linearization, stability, nu-
merical solutions; Phase plane analysis and Poincaré maps; Stability concepts; Periodic
solutions; Jump phenomena; parametric excitation; Asymptotic methods; multiple scales
and averaging; Floquet theory; Bifurcation theory; Chaotic oscillations; numerical tools;
Complex systems.




